Introduction
The deterioration of renal function is often observed in elderly patients with long-standing diabetes mellitus. The progression of renal dysfunction in patients with diabetes is affected by hyperglycemia, hypertension, hyperlipidemia, high-protein diet, smoking, genetic factors, and the administration of nephrotoxic drugs, while treatment with angiotensin-converting enzyme (ACE) inhibitors or angiotensin receptor antagonists slows renal damage (1) . The rapid deterioration of renal function as well as the presence of hematuria is an important finding suggesting the presence of other glomerulopathy superimposed on diabetic nephropathy (2, 3) . However, in very old patients with long-standing diabetes, the diagnosis of other glomerulonephropathy is often difficult because of avoidance of intensive invasive examination such as renal biopsy due to age. A rapidly progressive glomerulonephritis (RPGN) is a rare glomerulonephritis complicating diabetes or diabetic nephropathy (4) (5) (6) (7) (8) (9) (10) .
Here, we report a rare case of RPGN superimposed on membranous nephropathy in a very old patient with type 2 diabetes.
Case Report
An 88-year-old man was admitted to our hospital, because of increasing shortness of breath and edema of the lower extremities and scrotum. The patient was diagnosed with diabetes mellitus 30 years previously and had been treated with glibenclamide. He had a mild renal insufficiency with a serum creatinine level of 1.55 and 1.50 mg/dl at 2 years and 3 years before referral, respectively. At that time he had neither proteinuria nor hematuria in the urinalyses. His HbA1c level was 8.9% three years previously and 6.4% a year ago. He had neither a previous history of hypertension nor a family history of diabetes mellitus or hypertension. About 4 months prior to admission, he developed edema of the face, lower extremities, and scrotum.
An initial physical examination showed that he had a blood pressure of 160/90 mmHg; pulse rate, 92/min; height, 140 cm; and body weight, 56.5 kg. Heart sounds were normal and coarse crackles were audible in both lower lung fields. Pitting edema was present in both legs and scrotum. He had no diabetic retinopathy.
Urinary analysis showed massive proteinuria (3+), 50-99 red blood cells per high-power field (HPF), 1-3 white blood cells per HPF, hyaline casts (2+), and granular casts (1+), and deformed erythrocytes (+) in the urinary sediment. A 24-hour urine collection contained 7.2 g of protein, indicating the presence of nephrotic syndrome. On admission, his serum creatinine level was 2.6 mg/dl, and the BUN was 41 mg/dl (Fig. 1) . Serum total protein and albumin levels were 5.8 g/dl and 2.3 g/dl, respectively. He had a hemoglobin level of 11.0 g/dl; hematocrit, 34.2%; white blood cell count, 7,350/cu mm; platelet count, 343,000/cu mm; fasting plasma glucose level, 161 mg/dl, and HbA1c level, 6.5%. Creatinine clearance (CCr) was 19 ml/min. Liver function was within the normal range. Erythrocyte sedimentation rate (ESR) was 123 mm/h and C-reactive protein (CRP), was 0.6 mg/dl. The IgG, IgA, and IgM levels were 1,384 mg/dl, 45.5 mg/dl, and 296 mg/dl, respectively. Cardiac echogram indicated diffuse hypokinesis of the left ventricle with an ejection fraction of 48%. An abdominal echogram showed that the size of the kidneys was normal (right: 12.5 cm×5.7 cm, left: 13.0 cm× 5.4 cm). Plasma brain natriuretic peptide (BNP) level was 226 pg/ml, suggesting the presence of congestive heart failure.
The patient was placed on a regimen of bed rest, low protein (40 g/day) and low salt (7 g/day) diet, and diuretics (furosemide 40 mg iv./day). A few days later, his edema was improved, and we expected him to be discharged. However, on the 33rd hospital day, he had a fever of 37.4°C and developed pneumonia in the left lung, requiring an intravenous administration of 1 g of piperacillin daily. Within 8 days, along with the aggravation of dyspnea and anasarca, his serum creatinine level increased from 5.1 mg/dl to 7.2 mg/dl, and hemodialysis was performed three times weekly. At that time, because CRP level and white blood cell (WBC) count were increased to 14.2 mg/dl and 14,710/cu mm, we changed the antibiotics to 0.25 g of meropenem (MEPM) twice daily. As a result, dyspnea and edema were relieved on the 61st hospital day. The CRP level and WBC count were decreased to 3.3 mg/dl and 10,500/cu mm, respectively. On chest Xray, pneumonia was also improved. On the 68th hospital day, dyspnea was aggravated again. We performed intravenous administration of 0.5 g of vancomycin once daily. However, the CRP level and WBC count increased to 9.5 mg/dl and 18,580/cu mm. The chest rays showed interstitial shadows in the right and left lower lung fields. As the chest CT also showed fibrous infiltration shadows in right lower lung fields as well as pulmonary congestion, intravenous treatment with methylprednisolone (1 g daily for 3 days) was started on the 72nd hospital day. However, he died of respiratory failure on the 75th hospital day.
Postmortem light microscopy examination showed that cellular crescents were observed in over 80% of glomeruli, indicating a crescentic glomerulonephritis ( Figs spike formation of the basement membrane on PAM stains was seen in some glomeruli, suggesting the presence of membranous nephropathy before the development of RPGN (Fig. 2C) . Immunofluorescence studies showed the diffuse and coarse granular depositions of IgG and C3 on glomerular capillary loops and mesangium (Fig. 3) . The deposition of C3 was seen in some Bowman's capsules.
No angitis was observed in the lungs or skin. The lungs showed moderate to severe organizing pneumonia and emphysema. Although honeycomb-like fibro-emphysematous changes were seen in the right lower lung, microscopic examination showed no findings of pulmonary fibrosis (interstitial pneumonia) or pulmonary alveolar hemorrhage. There were no findings suggesting diffuse alveolar damage or bronchiolitis obliterans organizing pneumonia in the lungs. The pancreas showed marked hyalinization of Langerhans islets, a characteristic finding of diabetes mellitus.
The preserved sera taken before death showed positive myeloperoxidase anti-neutrophil cytoplasmic autoantibodies (MPO-ANCA) (76 EU, normal range <20 EU) and negative serum anti-glomerular basement membrane (GBM) antibody.
Discussion
Herein we report a case of rapidly progressive glomerulonephritis (RPGN) superimposed on membranous nephropathy in a long-standing elderly diabetic patient with chronic renal failure. This case is characterized by unusual clinical findings different from diabetic nephropathy. First, the rapid deterioration of renal function and the progression to the stage of hemodialysis occurred with the development of severe pneumonia. Second, microscopic hematuria as well as massive proteinuria was observed on admission. Third, the patient had no retinopathy although the blood glucose control was poor three years previously. The unusual rapid progression of renal dysfunction, the presence of hematuria and urinary cast, and absence of retinopathy are important findings that suggest the presence of non-diabetic glomerulopathy in diabetic patients. In this case, autopsy showed that cellular crescent formation in more than 80% of glomeruli and marked immune deposition of IgG and C3 to capillary loops and mesangium, indicating the presence of crescentic glomerulonephritis together with minimal findings of diabetic nephropathy, namely nodular glomerular lesions and hyalinization of arteriole (11) . The cellular crescents in RPGN were different from the fibrous or fibro-cellular ones or capsular drops in patients with severe diabetic nephropathy (12) .
The RPGN is classified according to the presence of serum antibodies and immunofluorescence (anti-GBM antibody-positive type, immune complex type, and pauciimmune type) or the presence of ANCA (13) . The pauciimmune type of RPGN is the most prevalent in Japan and amounts to more than two-thirds of crescentic glomerulonephritis cases among elderly people (14) . Because of diffuse and granular deposition of IgG and C3 in glomeruli, the present case was classified as the immune complex type of RPGN. The diffuse granular deposition of C3 as well as IgG of the capillary wall and mesangial matrix, which was different from linear IgG staining of diabetic nephropathy (12) , was observed in 4 of 9 cases of RPGN superimposed on diabetes mellitus (Table 1) .
This case had a positive MPO-ANCA, while anti-GBM antibody was negative. Although the MPO-ANCA is reported to be often positive in the pauci-type of RPGN or microscopic polyangitis, we could not observe any findings of angitis except in the kidneys. The MPO-ANCA positive RPGN is relatively more common in Japanese elderly people, while the PR3-ANCA type of RPGN is more prevalent in Western people (14) . About 47% of Japanese patients with immune complex type of RPGN had MPO-ANCA, but this was the second reported case of MPO-ANCA positive RPGN concomitant with diabetes mellitus. The involvement of ANCA in the pathogenesis of RPGN remains unknown in this case. The ANCA may be false-positive through the polyclonal B-cell activation due to non-specific infection (15) . Although the pauci-immune type of RPGN was most prevalent in ANCA-positive RPGN, it has been reported that a small percentage of patients with ANCA-associated RPGN had evidence of IgG deposition (16) . Because they had more proteinuria and a worse outcome with respect to renal function and mortality, ANCA-positive immune complex type of RPGN might be a distinct clinical subgroup. In the MPO-ANCA positive RPGN, myeloperoxidase may be expressed on the surface of neutrophils and monocytes, reacting with ANCA, and inducing endothelial cell injury due to the generation of ROS, leading to the destruction of the basement membrane and the formation of crescents (17) .
The findings of microscopic hematuria, massive proteinuria, and deformed erythrocytes on admission in our case suggest the presence of RPGN, because abnormalities of urinary sediments are often observed in the early stage of RPGN. We should have suspected a non-diabetic glomerulonephritis including RPGN on admission. However, the chronic course of mild renal insufficiency for three years and the remarkable edema, which lasted for 4 months prior to admission cannot be fully explained by the RPGN in this case. We speculate that another non-diabetic glomerulonephritis had existed before the appearance of RPGN. The findings of thickening of the capillary loops, spike formation of basement membrane, and diffuse and membranous deposition of IgG and C3 in addition to paucity of typical diabetic glomerular nodular lesions suggest that mild stage (stage I-II) idiopathic membranous nephropathy had been present before admission in this case. Kasinath et al reported that renal disease other than diabetic nephropathy was found in 10 of 122 diabetic patients who underwent renal biopsy and that idiopathic membranous nephropathy was the most frequent non-diabetic renal lesion in diabetic patients (3) . It has been reported that membranous nephropathy evolved into RPGN by means of immune complexes (18, 19) . RPGN is a rare renal lesion superimposed to diabetic nephropathy or in diabetes mellitus. To our knowledge, only eight cases of RPGN concomitant with diabetes or diabetic nephropathy before our case have been reported (Table 1) . Most of them had massive proteinuria, hematuria, and hypertension. The RPGN was more prevalent in men and in patients in their fifties and sixties. This was a very rare diabetic case in which RPGN appeared to superimpose on idiopathic membranous nephropathy at a very old age.
In this case, the older age (88 year), and the presence of chronic renal failure in diabetes mellitus for 3 years may have made it difficult to make a further diagnostic work-up such as renal biopsy. However, considering the clinical characteristics and a possibility of the presence of other treatable glomerulonephritis superimposed on diabetes, more aggressive steroid therapy should have been performed. Although five of eight cases of RPGN with diabetes received treatment with corticosteroid hormone and immunosuppressive agents, the treatment was successful in 3 of 5 cases (Table 1) . However, prognosis of RPGN was still poor in the patients with severe systemic infection or in the elderly (20) .
In conclusion, the appearance of hematuria and rapid deterioration of renal function should suggest non-diabetic renal lesions such as RPGN even in elderly patients with diabetes mellitus.
